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•   other eddy-current methods 
•   Harmonic Balance 
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Gmsh
A three-dimensional ﬁnite element mesh
generator with built-in pre- and post-processing
facilities
Christophe Geuzaine and Jean-François Remacle
Download | Documentation | Licensing | Screenshots | Links | References |  | 
Gmsh is a free 3D ﬁnite element mesh generator with a built-in CAD engine and post-processor. Its
design goal is to provide a fast, light and user-friendly meshing tool with parametric input and
advanced visualization capabilities. Gmsh is built around four modules: geometry, mesh, solver and
post-processing. The speciﬁcation of any input to these modules is done either interactively using the
graphical user interface or in ASCII text ﬁles using Gmsh's own scripting language.
See the screencasts for a quick tour of Gmsh's graphical user interface, or the reference manual for a
more thorough overview of Gmsh's capabilities and some frequently asked questions.
Download
Gmsh is distributed under the terms of the GNU General Public License (GPL):
Current stable release (v rsi n 3.0.3, June 23 2017): Windows (32 bit), Linux, MacOS
and source code
A tutorial introducing all key features and concepts is included in all the versions in the
tutorial directory. 
Make sure to read these examples before sending questions or bug reports!
Development version:
Automated nightly snapshots (dashboard): Windows (32 bit), Linux, MacOS and source
code
Git access: 'git clone http://gitlab.onelab.info/gmsh/gmsh.git'
All versions: binaries and sources
If you use Gmsh please cite the following reference in your work (books, articles, reports, etc.): C.
Geuzaine and J.-F. Remacle. Gmsh: a three-dimensional ﬁnite element mesh generator with built-in
pre- and post-processing facilities. International Journal for Numerical Methods in Engineering 79(11),
pp. 1309-1331, 2009. You can also cite additional references for speciﬁc features and algorithms.
To help fund Gmsh development, you can make a  donation.
Documentation
Reference manual (also available in PDF and in plain text)
Screencasts showing how to use the graphical user interface
Gitlab development site with a time line of changes and the bug tracking database
Changelog
Mailing lists:
gmsh (archived here) is the public mailing list for Gmsh discussions, and is the best place
to ask questions (and get answers!)
gmsh-announce (archived here) is a moderated ("read-only") list for announcements about new releases and other
Gmsh news
Please use the public mailing list gmsh@onelab.info to send questions or ask for help. If you think you have found a bug in the
program, you can ﬁle a report directly here.
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and source code
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Development version:
Automated nightly snapshots (dashboard): Windows (32 bit), Linux, MacOS and source
code
Git access: 'git clone http://gitlab.onelab.info/gmsh/gmsh.git'
All versions: binaries and sources
If you use Gmsh please cite the following reference in your work (books, articles, reports, etc.): C.
Geuzaine and J.-F. Remacle. Gmsh: a three-dimensional ﬁnite element mesh generator with built-in
pre- and post-processing facilities. International Journal for Numerical Methods in Engineering 79(11),
pp. 1309-1331, 2009. You can also cite additional references for speciﬁc features and algorithms.
To help fund Gmsh development, you can make a  donation.
Documentation
Reference manual (also available in PDF and in plain text)
Screencasts showing how to use the graphical user interface
Gitlab development site with a time line of changes and the bug tracking database
Changelog
Mailing lists:
gmsh (archived here) is the public mailing list for Gmsh discussions, and is the best place
to ask questions (and get answers!)
gmsh-announce (archived here) is a moderated ("read-only") list for announcements about new releases and other
Gmsh news
Please use the public mailing list gmsh@onelab.info to send questions or ask for help. If you think you have found a bug in the
program, you can ﬁle a report directly here.
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Next: What Gmsh is pretty good at, Previous: Solver, Up: Overview   [Contents][Index]
1.4 Post-processing: scalar, vector and tensor ﬁeld visualization
Gmsh can load and manipulate multiple post-processing scalar, vector or tensor maps along with the geometry and the mesh.
Scalar ﬁelds are represented by iso-value lines/surfaces or color maps, while vector ﬁelds are represented by three-dimensional
arrows or displacement maps. Post-processing functions include section computation, offset, elevation, boundary and component
extraction, color map and range modiﬁcation, animation, vector graphic output, etc. All the post-processing options can be accessed
either interactively or through the input script ﬁles. Scripting permits to automate all post-processing operations, as for example to
create animations. User-deﬁned operations can also be performed on post-processing views through dynamically loadable plugins.
Next: and what Gmsh is not so good at, Previous: Post-processing, Up: Overview   [Contents][Index]
1.5 What Gmsh is pretty good at …
Here is a tentative list of what Gmsh does best:
quickly describe simple and/or “repetitive” geometries, thanks to user-deﬁned macros, loops, conditionals and includes (see
User-deﬁned macros, Loops and conditionals, and General commands);
parametrize these geometries. Gmsh’s scripting language enables all commands and command arguments to depend on
previous calculations (see Expressions, and Geometry commands). Using the OpenCASCADE geometry kernel, Gmsh gives
access to all usual constructive solid geometry operations;
generate 1D, 2D and 3D simplicial (i.e., using line segments, triangles and tetrahedra) ﬁnite element meshes for CAD models
in their native format (without translations) when linked with the appropriate CAD kernel (see Mesh module);
specify target element sizes accurately. Gmsh provides several mechanisms to control the size of the elements in the ﬁnal
mesh: through interpolation from sizes speciﬁed at geometry points or using ﬂexible mesh size ﬁelds (see Mesh commands);
create simple extruded geometries and meshes (see Geometry commands, and Mesh commands);
interact with external solvers through a simple client-server architecture (see Solver module);
visualize and export computational results in a great variety of ways. Gmsh can display scalar, vector and tensor datasets,
perform various operations on the resulting post-processing views (see Post-processing module), can export plots in many
different formats (see General options list), and can generate complex animations (see General tools, and t8.geo);
run on low end machines and/or machines with no graphical interface. Gmsh can be compiled with or without the GUI (see
Compiling the source code), and all versions can be used either interactively or directly from the command line (see Running
Gmsh on your system);
conﬁgure your preferred options. Gmsh has a large number of conﬁguration options that can be set interactively using the
GUI, scattered inside command ﬁles, changed on the ﬂy in scripts, set in per-user conﬁguration ﬁles, or speciﬁed on the
command-line (see Running Gmsh on your system and Options);
and do all the above on various platforms (Windows, Mac and Unix), for free (see Copying conditions), using simple script
ﬁles and/or a small but powerful GUI.
Next: Bug reports, Previous: What Gmsh is pretty good at, Up: Overview   [Contents][Index]
1.6 … and what Gmsh is not so good at
As of version 3.0, here are some known weaknesses of Gmsh:
Gmsh is not a multi-bloc mesh generator: all meshes produced by Gmsh are conforming in the sense of ﬁnite element
meshes;
Gmsh’s user interface is only exposing a limited number of the available features, and many aspects of the interface could be
enhanced (especially manipulators).
Gmsh’s scripting language is quite limited, providing only very crude loop controls and user-deﬁned macros, with no local
variables. We will at some point create a C API so that you can access Gmsh features with your language of choice.
If you have the skills and some free time, feel free to join the project: we gladly accept any code contributions (see Information for
developers) to remedy the aforementioned (and all other) shortcomings!
Previous: and what Gmsh is not so good at, Up: Overview   [Contents][Index]
1.7 Bug reports
If you think you have found a bug in Gmsh, you can report it by email to the public Gmsh mailing list at gmsh@onelab.info, or ﬁle it
directly into the bug tracking database. Please send as precise a description of the problem as you can, including sample input ﬁles
that produce the bug. Don’t forget to mention both the version of Gmsh and the version of your operation system (see Command-
line options to see how to get this information).
Electrical machine analysis using free software: ONELAB – Gmsh – GetDP, Tutorial, J. Gyselinck & R. V. Sabariego 
Quick intro to ONELAB – Gmsh – GetDP 
Gmsh – source code, benchmarks, … 
6 
Electrical machine analysis using free software: ONELAB – Gmsh – GetDP, Tutorial, J. Gyselinck & R. V. Sabariego 
Quick intro to ONELAB – Gmsh – GetDP 
Gmsh – scripting language, a few typical lines 
7 
Electrical machine analysis using free software: ONELAB – Gmsh – GetDP, Tutorial, J. Gyselinck & R. V. Sabariego 
Quick intro to ONELAB – Gmsh – GetDP 
GetDP – getdp.info 
8 
GetDP
A General Environment for the Treatment of
Discrete Problems
Patrick Dular and Christophe Geuzaine
Download | Documentation | Licensing | Links |  | 
GetDP is a free ﬁnite element solver using mixed elements to discretize de Rham-type complexes in
one, two and three dimensions. The main feature of GetDP is the closeness between the input data
deﬁning discrete problems (written by the user in ASCII data ﬁles) and the symbolic mathematical
expressions of these problems.
For example, to solve the Poisson equation div(a grad(v)) = f on a domain D, an input ﬁle (".pro"
ﬁle) would contain something like this:
  FunctionSpace { 
    { Name H1; Type Form0;  
      BasisFunction { 
        { Name sn; NameOfCoef vn; Function BF_Node; Support D; Entity NodesOf[All]; } 
      } 
    } 
  } 
  Formulation{ 
    { Name Poisson; Type FemEquation; 
      Quantity {  
        { Name v; Type Local; NameOfSpace H1; } 
      } 
      Equation { 
        Galerkin { [ a[] * Dof{d v}, {d v} ] ; In D; Jacobian V; Integration I; } 
        Galerkin { [ f[], {v} ] ; In D; Jacobian V; Integration I; } 
      } 
    } 
  } 
i.e., a direct transcription of the discrete function space and weak formulation of the problem.
See GetDP's reference manual for a more thorough overview of GetDP's capabilities.
Download
GetDP is distributed under the terms of the GNU General Public License (GPL):
Current stable release (Version 2.11.2, June 27 2017): Windows (32 bit), Linux, MacOS
and source code
The binary versions are compiled with PETSc, with support for the multi-threaded direct sparse
linear solver MUMPS. Distributed memory versions for computer clusters (using MPI) should be
compiled from source.
Development version:
Automated nightly builds (dashboard): Windows (32 bit), Linux, MacOS and source code
Git access: 'git clone http://gitlab.onelab.info/getdp/getdp.git'
All versions: binaries and sources
If you use GetDP please cite one of the references in your work (books, articles, reports, etc.).
To help fund GetDP development, you can make a  donation.
Documentation
Reference manual (also available in pdf and in plain text)
Short presentation
Various examples on the site of the ONELAB project
Gitlab development site with a time line of changes and the bug tracking database
Changelog
Mailing lists:
getdp (archived here) is the public mailing list for GetDP discussions, and is the best
place to ask questions (and get answers!)
getdp-announce (archived here) is a moderated ("read-only") list for announcements
about new releases and oth GetDP news
Please use the public mailing list getdp@onelab.info to send questions or ask for help. If you think
you have found a bug in the program, you can ﬁle a report directly here.
    
Licensing
GetDP is c pyright (C) 1997-2017 by P. Dular and C. Geuzaine, University of Liège (see the
CREDITS ﬁle for more information), and is distributed under the terms of the GNU General Public
License (GPL) (version 2 or later).
In short, this means that everyone is free to use GetDP and to redistribute it on a free basis. GetDP is
not in the public domain; it is copyrighted and there are restrictions on its distribution (see the license
and the related FAQ). For example, you cannot integrate this version of GetDP (in full or in parts) in
any closed-source software you plan to distribute (commercially or not). If you want to integrate parts
of GetDP into a closed-source software, or want to sell a modiﬁed closed-source version of GetDP,
you will need to obtain a different license. Please contact us directly for more information.
Links
GetDP uses either PETSc or SPARSKIT to solve linear systems, and ARPACK or SLEPc to solve eigenvalue problems.
Gmsh can be used as a graphical front-end for GetDP, through the ONELAB interface.
GetDP and Gmsh are bundl d in the Onelab/Mobile app for iPhone, iPad and Android devices.
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GetDP – source code 
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ONELAB – onelab.info  
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ONELAB – onelab.info  
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Finite-Element and Lumped-Parameter  
Modelling and Simulation of  
Permanent-Magnet Synchronous Machines  
– 
 From Academic State-of-the-Art  
to Design-Office Practice  
 
Johan Gyselinck 1  and  Adrian-C. Pop 2 
 
1  BEAMS dpt, Université Libre de Bruxelles, 
Brussels, Belgium, Johan.Gyselinck@ulb.ac.be 
 
2  Advanced Development Drives Group, Brose, 
Würzburg, Germany, AdrianCornel.Pop@brose.com 
 
 
ICEM 2016, Lausanne, Switzerland, September 4-7   
2D FE modelling of PMSMs  
with ONELAB – Gmsh – GetDP 
 
2D & 3D FE modelling  
with Ansys/Maxwell 
 
lumped-parameter 
modelling with 
MATLAB/Simulink  
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J. Gyselinck & A.-C. Pop, ICEM, Lausanne, Switzerland, 4-7 September 2016 
Tutorial: Finite-element and lumped-parameter modelling and simulation of PMSMs    
FE and LP modelling and simulation of PMSMs 
Structure of this tutorial 
2 
•  the presenters 
     Johan Gyselinck, Gmsh & GetDP & ONELAB 
     Adrian-C. Pop, Brose  
•  introduction to PMSMs 
•  specifications and topology selection 
•  2D magnetostatic FE modelling 
•  optimisation and utility of 3D FEA 
•  2D FE modelling with eddy currents (along z) 
•  lumped-parameter modelling and control 
•  lamination stacks and windings (proximity effect) 
•  conclusions 
break 11:15 – 11:25 
standard and  
non-standard features 
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ICEM 2016 tutorial 
Just 1 slide 
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J. Gyselinck & A.-C. Pop, ICEM, Lausanne, Switzerland, 4-7 September 2016 
Tutorial: Finite-element and lumped-parameter modelling and simulation of PMSMs    
2D static FE modelling – Our CW machine (2/5) 
Flux lines and flux density, load 
38 
bn
0.00021 1.29 2.57
ONELAB models  
not yet online 
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http://onelab.info/wiki/Electric_machines 
common features 
•  2D magnetic vector potential formulation 
•  rotation with moving band 
•  iron core modelling: isotropic, nonlinear 
•  stranded and massive conductors 
•  electric circuit coupling 
•  (anti-) periodicity conditions for modelling 1 pole or pole pair 
•  static, time stepping, and frequency domain (no saturation)   
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Demo: 3kW squirrel-cage induction motor 
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Demo: 3kW squirrel-cage induction motor 
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Demo: 3kW squirrel-cage induction motor 
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Demo: 3kW squirrel-cage induction motor 
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Particular issues – movement 
Ferreira da Luz, M. V., Dular, P., Sadowski, N., Gyselinck, J., & Bastos, J. P. A. (2002). 3D finite element 
analysis of axial flux permanent magnet motor. In Proceedings of the 10th International IGTE Symposium 
on Numerical Field Calculation in Electrical Engineering. 
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Particular issues – formulations 
Ferreira da Luz, M. V., Dular, P., Sadowski, N., Gyselinck, J., & Bastos, J. P. A. (2002). 3D finite element 
analysis of axial flux permanent magnet motor. In Proceedings of the 10th International IGTE Symposium 
on Numerical Field Calculation in Electrical Engineering. 
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Particular issues – a-formulation and 3D gauging 
http://onelab.info/wiki/Inductor 
•  tree-cotree gauging 
•  Coulomb gauge 
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consideration of eddy currents (and skin effect) 
•  3D model 
•  2D model and homogenisation technique 
Gyselinck, J., Geuzaine, C., & Sabariego, R, 
Homogenisation of windings and laminations in 
time-domain finite-element modeling of electrical 
machines, CEFC 2012. 
CEFC2012_SRM_JG_FINAL_1p.pdf  
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12/8 Surface PMSM with concentrated winding 
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onelab.info/wiki/
Magnetodynamics_with_cohomology_conditions (1/1) 
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  http://onelab.info/wiki/Magnetometer (1/4) 
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Magnetometer – electrokinetics and elasticity (2/4) 
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Magnetometer – heat transfer eqn (3/4) 
Electrical machine analysis using free software: ONELAB – Gmsh – GetDP, Tutorial, J. Gyselinck & R. V. Sabariego 
Multi-physics: some examples 
30 
Magnetometer: electrokinetics and heat transfer (4/4) 
Parent, G., Dular, P., Ducreux, J. P., & Piriou, F. (2008). Using a Galerkin projection method 
for coupled problems. IEEE Transactions on Magnetics, 44(6), 830-833. 
832 IEEE TRANSACTIONS ON MAGNETICS, VOL. 44, NO. 6, JUNE 2008
Fig. 1. Source mesh (left) and target mesh (right).
Fig. 2. (left) and (right) computed on the source mesh.
where is the nodal basis function associated to the node .
Note that the support of integration is naturally limited to the
e e ents adjacent to node .
As a consequence, a nodal force is meaningful only on its
original mesh. The transport of nodal forces from one mesh to
another one has therefore to be done through the force density
field . Discretizing the unknown source force density via
(2) with nodal basis functions, form (15) gives the system of
equations
(16)
Once the local force density is determined via (16), it can
be projected onto the mechanical mesh via (5).
IV. APPLICATION
A. Magnetodynamic Field Projection
To illustrate the different formulations described in
Sections III-A and III-B, a system consisting of an elec-
tromagnet above a conductive plate has been modeled. For this
problem, the target mesh is about twice as coarse as the source
mesh (Fig. 1).
1) Magnetic Field Projection Formulation: The source mesh
(Fig. 1) is first used to perform a magnetodynamic computation
via a formulation [5] with an applied sinusoidal current in
the winding. The so-computed magnetic field is considered as
a reference and will be projected onto the target mesh using the
three formulations presented in Section III-A successively. The
magnetic field and its curl are shown in Fig. 2.
The vector potential form of the target field obtained via
formulation (9) is shown in Fig. 3 (left). Fig. 3 (right) shows an
invalid current density distribution when is obtained
by projecting via (4). The variation of the norm of the current
density along a horizontal line inside the plate is shown in Fig. 4.
Both valid and invalid current density distributions are pointed
out.
2) Magnetic Vector Potential Projection Formulation: The
same study is now performed with an formulation [5]
Fig. 3. from the projection formulation (left) and from the
projection formulation (right).
Fig. 4. Norm of the current density versus x position.
Fig. 5. Current density without (left) and with correction (right).
for the magnetodynamic computation. The obviously incorrect
current density obtained from the projection formulation
(12) is shown in Fig. 5 (left). The corrected current density, by
recovering the appropriate on the target mesh via (13),
is shown in Fig. 5 (right).
B. Magneto-Thermal Computation: 3-Phase Bus System
As a magneto-thermal application, a three-phase bus system
has been modeled. It is composed of five copper conductors
(phases A, B and C, neutral and earth) included in a concrete
bloc (Fig. 6, left). Fig. 6 (middle and right) shows details of the
two meshes used.
As an illustration of the importance of the choice of the test
functions mentioned in Section III-C, two computations are per-
formed: in the first case, both and are volume basis func-
tions, whereas is set as a nodal basis function for the second
case. A comparison between the Joule losses resulting from both
strategies is presented in Fig. 7. As mentioned in Section III-C a
“step effect” appears when a volume basis function is used as
the test function. Using a nodal basis function leads to a more
accurate projected field compared with the original one.
C. Force Density Computation
For the validation of the force density determination formula-
tion presented in Section III-D, a simple test system consisting
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Homogenisation of lamination stacks 
variation with z only 
•  ignoring the U-turns of the ECs 
•  assuming width >> thickness 
•  zero net current 
 d/2  z   d/2
@2h
@ z2
=  
@ b
@ t
, h = h(b)
y
x
d/2
0
−d/2
z b(z, t) h(z, t) j(z, t)
hsb0
Mostly: 1D eddy-current (EC) problem 
different cases: 
1.  no saturation, sinusoidal regime at any frequency 
2.  low frequency (no skin effect) but saturation 
3.  saturation and skin effect 
4.  insulation faults and net current 
5.  perpendicular flux density and net current 
kinda trivial 
skin-effect BFs 
[IEEE2016] 
Electrical machine analysis using free software: ONELAB – Gmsh – GetDP, Tutorial, J. Gyselinck & R. V. Sabariego 
Some advanced magnetics features 
32 
Homogenisation of lamination stacks 
1. sinusoidal regime, no saturation 
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 2D, real part
 2D, − imaginary part
 3D, real part
 3D, − imaginary part
complex permeability, 
link between  
•  average flux-density 
•  surface magnetic field 
µdc : in absence of ECs 
µ =
b0
hs
= µdc tanh
⇣1  i
2
d
 
⌘
  =
r
2
! µrµ0
6/4 SRM 
[CEFC2012] consideration of ECs and skin effect 
•  3D model (1 lamination) 
•  2D model and complex mu 
Electrical machine analysis using free software: ONELAB – Gmsh – GetDP, Tutorial, J. Gyselinck & R. V. Sabariego 
Some advanced magnetics features 
33 
Homogenisation of lamination stacks 
2. low frequency (no skin effect), but saturation 
•  instantaneous 
•  averaged over lam. thickness 
pcl =
 d2
12
⇣db
dt
⌘2
(W/m3) 
hs(t) = hdc
 
b(t)
 
+
 d2
12
db
dt
•  without ECs 
•  linear or nonlinear, 
   possibly hysteretic and anisotropic 
very simple implementation, e.g. in GetDP: 
classical EC losses: 
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Homogenisation of lamination stacks 
3. saturation and skin effect (skin-effect BFs) α0(z)
α4(z)
α2(z)
0
1
-d/2 0 d/2
α
z
skin-effect BFs for approximating 
significant variation of b throughout lam. thickness 
 
more BFs: higher accuracy and higher CPU time 
Gyselinck, Johan, Ruth Sabariego, and Patrick Dular. "A nonlinear time-domain homogenization technique for laminated iron 
cores in three-dimensional finite-element models." IEEE transactions on magnetics 42.4 (2006): 763-766. 
brute-force model 
1/128th part 
of ring core  
 
2 x 10 lam. 
 
8 layers per 
lamination 
Application example – non-linear case (10/10)
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500 Hz current 
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Homogenisation of lamination stacks 
4. insulation faults and net current 
Gyselinck, J., Dular, P., Krähenbühl, L., & Sabariego, R. V. (2016). Finite-Element Homogenization of Laminated Iron Cores With 
Inclusion of Net Circulating Currents Due to Imperfect Insulation. IEEE Transactions on Magnetics, 52(3), 1-4. 
2D test case with in-plane current density  
and out-of-plane flux density   
results  
at 2kHz 
•  skin effect in each lamination 
•  overall skin effect in stack due to insulation imperfection 
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Skin and proximity effect in windings 
current density (A/m2), in phase and in quadrature with imposed current @ 10 kHz  
e.g. 6/4 SRM [CEFC2012] 
in quadrature in phase 
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Homogenisation of windings: LF proximity effect 
Pprox =
  r2
2
⇡2f2 bˆ2 (W/m3) hdyn(t) = ⌫0 b(t) +
  r2
4
db
dt
round wires, low frequency (negligible reaction field) 
•  analytical solution 
•  very easy implementation (e.g. in GetDP) 
  : fill factor 
skin effect: implementation via electrical circuit 
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Homogenisation of windings 
fine homog.
frequency-domain and time-domain homogenisation 
•  skin-effect and proximity effect coefficients (linked to active and reactive power) 
•  dependent on conductor shape and fill factor 
•  tunable order of TD approximation (accuracy vs CPU time)    
Gyselinck, Johan, Ruth Sabariego, and Patrick Dular. "Time-domain homogenization of windings in 2-D finite element 
models." IEEE transactions on magnetics 43.4 (2007): 1297-1300. 
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Harmonic balance (models will be online sometime soon) 
periodic steady-state solution is obtained by solving 1 big system of equations 
•  truncated Fourier series, with preset list of frequencies 
•  source of harmonics:  
 supply, magnetic saturation, lumped components in circuit, movement 
•  in some cases quicker than plain time-stepping    
Gyselinck, J., Dular, P., Geuzaine, C., & Legros, W. (2002). Harmonic-balance finite-element modeling of 
electromagnetic devices: a novel approach. IEEE Transactions on Magnetics, 38(2), 521-524. 
3-phase inductor,  
50 Hz sinusoidal voltage supply 
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Harmonic balance – rotating machines 
Gyselinck, J., Vandevelde, L., Dular, P., Geuzaine, C., & Legros, W. (2003). A general method for the frequency domain 
FE modeling of rotating electromagnetic devices. IEEE transactions on magnetics, 39(3), 1147-1150. 
time-stepping 
3kW IM, rated 50Hz sinusoidal voltage supply, synchronous speed 
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•  17f in stator 
•  18f in rotor 
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Hysteresis modelling 
Gyselinck, J., Vandevelde, L., Melkebeek, J., & Dular, P. (2004). Complementary two-dimensional finite element formulations with inclusion of a 
vectorized Jiles-Atherton model. COMPEL-The international journal for computation and mathematics in electrical and electronic engineering, 23(4), 
959-967. 
vector Jiles-Atherton model 
 
applied to a T-part, 
2 different FE formulations 
 
imposed MMFs with phase shift,  
-> rotational flux-density 
